We propose a new detection method based on cataluminescence (CTL) to detect isoflurane vapor, a typical anesthetic agent, continuously. The CTL of isoflurane vapor is observed during catalytic oxidation of isoflurane by the catalyst of -Al 2 O 3 activated with Tb 3+. This is the first observation of the CTL of the isoflurane vapor. The reproducible CTL response is observed at 600°C of catalyst temperature. The CTL intensity of isoflurane is proportional to the square root of the flow velocity ranging from 10.6 to 53.1 cm/s. This result directly shows that the rate of catalytic reaction emitting CTL is under the diffusion controlled conditions at 600°C. The CTL intensity of isoflurane is nearly proportional to the isoflurane concentration ranging from 10 to 50 ppm.
Introduction
During the surgical operation, it is one of the important things to keep concentration of anesthetic agent appropriately. Isoflurane is one of the anesthetic agents belonging to the ether group, and is often used as the inhalation anesthetic in order to administer anesthetics to the patient. As isoflurane is a liquid at room temperature, isoflurane vapor is prepared by mixing oxygen containing isoflurane and a carrier gas (100% oxygen) by using a vaporizer during the operation. By controlling mixing ratio of oxygen containing isoflurane and carrier gas, a certain concentration of isoflurane vapor could be obtained. A literature [1] regarding the prepared concentration of sevoflurane, another typical anesthetic agent, could be found. In a course of preparation of sevoflurane vapor, it is important to keep a fill ration of sevoflurane liquid appropriately. In a case of low fill ration of sevoflurane liquid, concentration of sevoflurane vapor rapidly decreases (8% to 2%) under the condition of high flow rate and high concentration [1] . As most anesthesia
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apparatuses have no monitoring system of concentration of the anesthetic agent, a convenient anesthetic monitor measuring the concentration continuously is expected.
Cataluminescence (CTL) is a kind of chemiluminescence emitted during catalytic oxidation of combustible gas. We have investigated the luminous mechanism of CTL, and applied it to the gas sensor [2] [3] [4] [5] [6] [7] . Regarding the anesthetic agent, our CTL-based gas sensor could detect the sevoflurane vapor [8] . We also conducted to detect isoflurane vapor using our CTL-based gas sensor, and found the CTL of isoflurane. Detection method of isoflurane using the CTL is described.
Experimental
As a catalyst, -Al 2 O 3 activated with Tb (1 mol%) was prepared by calcinations (50°C/h4 for drying and 900°C/2h for heating) of -Al 2 O 3 powder (Kanto Kagaku) after mixed with an aqueous solution of Tb(NO 3 ) 3 -5H 2 O (Aldrich). The -Al 2 O 3 :Tb powder was mixed with organic binder (ethyl-cellulose, -terpineol and glass-flit) was screen-printed on a ceramic substrate (2 x 3 x 0.15 mm) which has a printed Pt-heater layer to form the CTL-based gas sensor. The gas sensor was set in a light-tight vessel and sample gas was blown up the catalyst layer of the sensor through a hole (2 mm in diameter) placed 2 mm away from the catalyst surface. The CTL emitted from the catalyst was passed through a combination of a hot-mirror and a band-pass filter of 488 nm, and the CTL intensity was measured by a photon counting technique with a photomultiplier module. The flow velocity of the isoflurane vapor was controlled by combination of an air pump and a flow meter with needle valve.
The isoflurane vapor of a certain concentration is prepared using a sampling bag (5L or 50L) made of PVF. A precise amount of liquid isoflurane was injected into the bag and was vaporized by a precise amount of lab-air injected into the bag. The details of the sensor system will be given elsewhere [7, 8] .
Results and discussion
We conducted to detect isoflurane vapor using our CTL-based gas sensor. We injected isoflurane vapor of 20 ppm during 300-600 s and 900-1200 s with the flow velocity of 50.3 cm/s. Figures 1 show the results. This is the first observation of CTL of isoflurane vapor. The CTL intensity was estimated by subtracting intensity of thermal radiation emitted from the heated catalyst. Reproducible CTL was observed (Fig 1 (a) ) at T = 600°C, while poor response of CTL was observed at T = 450°C (Fig. 1(b) ). When the catalyst temperature is more low (T = 350°C), the intensity of CTL intensity approached to zero (Fig. 1(c) ). In a course of catalytic oxidation, rare earth such as Tb which is doped into -Al 2 O 3 works as an activator [4] . In order to emit the CTL, absorbed spices originated gas molecules transported from gas phase and absorbed oxygen are needed to migrate on the catalyst surface, and electron hole pairs originated from absorbed species are also needed to recombine through the levels of Tb. As the speed of catalytic oxidation is limited to the rate of catalytic oxidation, reproducible CTL may be measured when the catalyst temperature was high (T = 600°C). This condition is known as the diffusion controlled condition [2, 8] . In this condition, the CTL intensity is proportional to the square root of the flow velocity [2, 8] . We investigated the flow velocity dependence of 20 ppm isoflurane vapor. Figure 2 shows the result. As the CTL intensity of isoflurane was proportional to the square root of the flow velocity ranging from 10.6 to 53.1 cm/s, the diffusion controlled condition may be established in this condition. As the high CTL intensity is favorable to the gas sensor, we determined the 600°C of catalyst temperature and 53.1 cm/s of the flow velocity as a working condition, respectively.
We measured the concentration dependence of CTL intensity of isoflurane vapor under these conditions. Figure 3 shows the result. The plots did not fit into a straight line, but nearly linear characteristics are observed in the range between 10 and 50 ppm. Over 50 ppm region, the plots increased over the straight line. This may result from the complex catalytic oxidation process of isoflurane. 
Conclusion
We observed the CTL of isoflurane vapor using a CTL-based gas sensor activated with Tb 3+ . The reproducible CTL response was observed at T = 600°C. We investigated the flow velocity dependence, and the CTL intensity was proportional to the square root of the flow velocity between 10.1 and 53.1 cm/s. The CTL-based gas sensor showed nearly linear concentration dependence for the isoflurane vapor ranging from 10 to 50 ppm.
